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(54) SMALL MUTUAL CONDUCTANCE DIFFERENTIAL AMPLIFIER AND DRIVING 
METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
differential amplifier circuit by connecting a control 
terminal with one electrode through an impedance 
element and connecting one electrode to an output 
node. 

SOLUTION: One terminal of each transistor is connected 
to each output node (node 3 to M5 and node 4 to M6) 
and the other terminal of each transistor is connected to 
the gate of a current source M3 and that of current 
source M4. Two low-pass filters(LPF) are composed of 
the resistors of M5 and M6 and the gate channel 
capacitors of M3 and M4 and concerning a frequency 
lower than the cutoff of the LPF, a system is operated 
just like connecting nodes 3 and 5 and nodes 3 and 6. 

Since the output conductance of the transistor is smaller than mutual conductance, the 
amplification factor of an operational mutual conductance amplifier (OTA) is low in the case of 
low frequency and high in the case of high frequency. The cutoff frequency of the internally 
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A COMPACT PIFS-SRSMTXAL TRAWSCONDiK^X'AKCg frMPLXETER AMD A 
METHOD OF OPERATION THEREOF 



Pield of the invention 

1 0001] The present invention relates to the field or 

differential amplifying circuits, preferably including 
transistor circuits in a CMOS technology. 

Background of toe Invent ion 

(0002) in a growing number of applications of signal 

processing, the use of small analogue circuits is required. 
Small circuits limit the available type of transistors to 
small transistors, which almost inevitably results in 
offset problems from poor matching of pairing transistors 
Chat are needed as pairs in the circuits. In many 
applications the input signal is typically smaller (e.g. 
microvolts) than the input referred offset (e.g. tens of 
millivolts) of circuit s such as an Operational 
Transconductancs Amplifier (OTA) or Operational Amplifier 
(Opamp) ox a preamplifier device. This induces th« 
subsequent amplifier stages to go out of range. 
[0003 J Placing large capacitors in the signal path 

between amplifier stages is the generally known way in the 
art to solve this problem. It filters out the lower 
frequency components of the signal. Including those lateral 
capacitors in a CMOS circuit typically requires the use oC 
an analogue CMOS technology fvifch dual poiysilicon option) . 
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invention to disclose a differential amplifying circuit 
where the output voltage level, preferably th<* common rr*>de 
voltage level. is regulaced by the active load of the 
circuit and v^hereby the lower f requency components in the 
input, signal and che input referred offset voltage can get 
1*3 3 amplified than the useful frequency corrqponents . 
COO 05] yei: according to another aim of the 

invention, a dif £ erent ial amplifying circuit is disclosed 
such chac it is immune to miamaccbes between pairing 
transistors of the circuit. Therefor* it becomes possible 
to work with much smaller transistors and low:: current 
levels, occupying less Si area, and dissipating less power 
than in prior art circuits - 

summary of the invention 

C0011) The active loads in the two output branches 

of the differential amplifying circuit of the invention, 
preferably an Operational Transconductanco Amplifier IOTA}, 
can show a high conductance ac low frequency and low 
conductance at higher frequency , In this way an OTA is 
constructed with inherent pass-band. Low frequencies are 
amplified little or ev~n filtered out. In an eatoodiment of 
the invention wherein the amplifyiD.gr elements of the 
amplifier circuit are transistors, the amplification of 
inpuc referred of C set voltage due to mismatches in 
transistor pairs is similarly reduced. Complementary, in 
another embodiment of the invention, the OTA i* of the low- 
pass type, i.e. also amplifying DC signals. In both 
embodiments, both OTA 4 s are very compact and the commcn 
mode output voltage regulation is in both cases part of the 
active load oubcircuit. 

(00151 The terms high frequency and low frequency in 

the present specification, have a meaning that depends on 
the specific application wherein the circuit of the 
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elements of the two branches . of the circuit can be 
connected to o common node. 

C0019) Said subcircuit may further comprise at lease 

one additional impedance element, preferably capacitor, 
element feeing connected to the other electrode of at least 
one o£ the impedance elements of the branches. 
[0020] Thus the common mode output voltage at che 

output node of the differencial amplifying circuit is 
determined by the transistor parameters and the operating 
bias current of the differential amplifying, circuit. Hie 
regulation cf the output common mode is in thia way 
inherently present in the OTA circuit. 

[0021] In an embodiment of the invent! on , the 

differential amplifying circuit can be implemented in a 
CMOS technology. 

CO 022] in an embodiment of the invention, the 

branches of the differential amplifying- circuit are fully 
symmetric . 

Brief description of the drwiags 

CO 023 J Exemplary embodiments of the invention and of 

the us s of the invention are shown in the drawings. The 
drawings ore schematic representations of the invention arid 
therefore the dimensions and the relative dimensions do not 
correspond to actual reductions to practice of the 
invention. 

C0024] Fig. 1 depicts a preferred embodiment of the 

differential amplifying circuit of the present invention, 
with che pass-band filtering option. 

10025] Pig. 2 depicts a preferred embodiment of che 

differential amplifying circuit of the present invention 
where the total construction is low-pass. 

£00263 Fig. 3 depicts che preferred embodiment of 

Fig-. 1, vrith additional capacitor circuit elements. 
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[00271 Fig. 4 shows a Spice simulation of the 

circuit of Figure 1 wherein the amplitude of the output 
vol cage signal for a 1 mv stimulus on che inpucs versus 
traquency for several Vbias voltages is detailed. 
. 10028] Fig. 5 shows the common mode output vol cage 

30, and che voltages 31 on nodes 5 and 6 for Vbias becveen 
0 and 3.3V of the circuit of rigure 1 (spice simulation > . 

Detailed description o£ embodijttqiits of the invention 
[OQ2S] rha invention is described in the sequel 

through a detailed description of se\'eral embodiment* of 
the invention, U is obvious that other embodiments of the 
invention can ba configured according to tha knowledge □£ 
persons skilled in che art without departing form the true 
spirit of the invention, the invention being limited only 
by the terras of the appended claims. For instance, ic will ' 
be clear for cne person skilled in the art that the present 
invention is also applicable to the complementary circuits 
that can be configured by converting ail transistor* of the 
PMOS type of the circuits shown herebelow into translators 
of the NWO.3 type and vice versa and by swapping the vcc and 
Gnd potentials. 

1 0000 ] According to en aspect of the invention, a 

differential ainplifying circuit is disclosed having at 
least tv/o branches wherein an output node is present, each 
of said breaches comprising an amplifying element and a 
load elertvemc, said load element including a subcircuic tor 
regulating the siynal at the oucpuc node of the branch. The 
active loads in the two output brandies of the di Cfersntial 
amplifying circuit, -preferably an Operational 
Tranaconductance amplifier (OTA), show a hi$h conductance 
at low frequency and low conductance at higher fre<juency. 
The frequency at which this conductance change happens is 
referred to as the low corner frequency of che pass band. 
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remain preset. 

[0032] A preferred embodiment ot the present 

invention is shown in PIG. 1. a differential pair of mos 
transistors Ml and H2 is fed by a current source transistor 
W7 that mi r tor a the current Xbiae .injected in transistor 
H8. This is a typical way of driving a differential pair cf 
transistors. 'Translator Mi sees as active load the 
combination of transistors M5 and H3 . Similarly, M2 sees as 
active load M4 and 315 . Transistors M3 and M4 operate as 
current source, thereby the current depends on the voltage 
on their gate nodes 5 and 6. Suppose that vbias is chosen 
such chat transistors M5 and M6 operate in their criode 
region. Their functioning can then be summarized as a 
transistor that mimics a res is cor. one side ot each of 
these resistor© is than connected to the output node {node 
3 £or HS and node 4 for H$) , and the other aide is 
connect ad to the gates of the current aoarcea (transistor 
and H4 respectively). These gates have a gate-channel 
capacitance. The resistance of M5 and MS and the gats- 
Channel capacitances of K3 and M4 form tocrether cwo low 
pass filters. Thus for lew frequencies, below the cut-off 
of these low-pass filters, the voltage at nodes 5 and 6 
follow the output nodes 3 and 4 respectively. In other 
words, the system opiates as if nodes 2 and 5 are 
connected and 4 and 6 are connected. In that way, 
transistors M3 and K4 are configured as diodes, and the 
output nodes .1 and 4 have impedance essentially determined 
by transconductances ^3 and 3^4 respect ively. The 
amplification of the OTA at low frequency is then ff^j./^. 
The biasing of a system, is a DC question., and falls 
automatically into this ire^fuency band. Ac a frequency 
above the stated cut-off, the nodes 5 and 6 will not fellow 
the output signals, and the conductance of the output nodes 
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cransistor in weak inversion is much lower than in the 
triode region, and thereeore the lo* corner- of the pass 
hand now liea at a much lower frequency level . This is 
shown in Figure d, whore for a Vbias oc 1 V this frequency 
i3 as low as 1 kHz. It a Vbias of 2 V is applied, the 
common mode output voltage coes to 2.7 V (see curve 30, 
Fig. 5). This means that, ttie transistors M3 and Ma are no 
longer in saturation. Then the amplification weakens, see 
curve 2V Fig. 4. Thus, it" a designer chooses to operate 
transistors M5 and MS in sub -threshold, the good operation 
•o£ M3 and M4 should he verified. The advantage to work in 
sub -threshold regime is, beside a lower comer frequency of 
the pass -band, a much lover ajiipl if ication factor at low 
f requencies. For example, the curves with indication 800mv, 
IV. 2V and 2 . 2v in Fig. 4 r^aoh values much beiow 1 xnV 
showing effective attenuation (the stimulus for the 
sixaulation is 1 mV> . 

£003 3 J Another way to lower the low corner frequency 

ic to add elements to the basic circuit of fig-. 1. The most 
effective is to add capacicance 26 {Fig. 3;. It is alsc 
possible to add two capacitors 21 and 22 preferably with 
the game capacitance value. The advantage of the latter 
solution is tbac of capacitances 21 and 22. one terminal 
{node 25) can be connected to Vcc or to ground. In this 
way, a capacitance can be -nade using e.g. a oate 
capacitance, or a semiconductor junction available in CMOS, 
e.g. from N-Well to substrate. In the case that one chooses 
to work with fct5 and M6 to operant in sub -threshold, it is 
preferable to organize a small leak (0.1-lpA} to ground 
{indicated with impedance elements 23 and 24), enhancing 
the start-up of the circuit. With the** leaks 23 and 24 it 
is possible to avoid o deadlock situation whereby the 
oucput voltage goes to ground. These Leaks can be obtained 
with reverse biased diode junctions, with the cathodes 
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CLAIMS 

1. A differencial amplifying circuit having 
at lease two branches, each of said branches comprising an 
output node, a first asnpli tying element and a load element, 
said load element including a subcircuit for regulating the 
signal ae the output node of the branch, wherein said 
subcircuit comprises a second amplifying element with a 
control tormina 1 and two el tetrodes and wherein said 
control terminal is connected via an impedance element with 
one of aaid electrodes and therein the one electrode is 
connected to said output nod<a* 

2. The differential amplifying circuit as 
recited in claim 2. v/herein said 3ubcircuit includes a 
frequency -dependent pass -characteris tic . 

3, Thw differential amplifying circuit as 
recited in claim 2 t wherein said subcircuit includes a low- 
frequency pass filter, 

4, The differencial aiiipl ifying circuit as 
recited in claim 1, >jherein said impedance element 
comprises at least a transistor. 

S» The differential amplifying circuit as 
recited in claim 4, wherein said transistor is operating in 
the subthreshold regime or in the triode regime. 

6. The differential ampli tying circuit as 
recited ii> claim 1 wherein the control terminals of the two 
amplifying elements of the two branches are connected to a 
common node. 

7. TQie differential amplifying circuit as 
recited in claim 1 wherein said subcircuit further 
comprises at least one additional impedance element, 
preferably capacitor, being connected to the other 
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Figure 2 
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A COMPACT DIFFSRBWTIAI* TRAttSCOSnttJCTANCB AMPLIFIER AND A 



disclose, a fully differential OTA. The active loads in the 
two output branches of the OTA show high conductance at lov 
frequency and low conductance at higher frequency. In this 
way an OTA is constructed with inherent pass -band. Low 
frequencies are amplified little or even filtered out. The 
ainplif ication of input referred offset voltage due to 
mismatches in transistor pairs is similarly reduced. 
Complementary, in another embodiment of the invention the 
OTA is of the low-pass type, i.e. also aniplifying DC 
signals. Both ota's are very compact ancl the coaranon mode 
output voltage regulation is in both cases part of the 
active load structure. 



METHOD Qp OPERATION THEREOF 



it is an object of the present invention to 



(Figure 1) 
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